Time series profiling is a powerful approach for obtaining information on protein expression dynamics and prevailing biochemical pathways. To date, such information could only be obtained at the mRNA level using mature and highly parallel technologies such as microarray gene expression profiling. The generation of time series data at the protein level has lagged due to the lack of robust and highly reproducible methodologies. Using a combination of SILAC strategy, SDS-PAGE and LC-MS/MS, we demonstrate successful monitoring of expression levels of the same set of proteins across different time points within the ER compartment of human primary fibroblast cells when exposed to ER stress inducers tunicamycin and thapsigargin. Data visualization was facilitated using GeneSpring GX analysis platform that was designed to process Affymetrix microarray data. This software also facilitated the generation of important parameters such as data normalization, calculation of statistical values to extract significant changes in protein expression, and the cross comparison of data sets.
Introduction
Time series expression profiling has proven to be a powerful approach to monitor the dynamics of molecular events and build biochemical pathways in a variety of samples representing different biological states and experimental conditions. 1, 2 Large time series data sets are most commonly obtained at the mRNA level using mature and highly parallel technologies such as oligonucleotide and cDNA microarray gene expression profiling. Time series expression profiling at the protein level has been hindered by the slow process of generating substantive proteome profile data sets and by the lack of a robust and highly reproducible methodology. In the majority of experiments, stable isotope tagging strategies such as Isotope-Coded Affinity Tagging (ICAT), 3 H 2 18 O proteolytic labeling, 4, 5 or isobaric tag for relative and absolute quantitation (iTRAQ) 6, 7 have been used in combination with LC-MS/MS analysis to generate proteome profile data sets. Thus far, these techniques have been limited to pairwise comparisons, with the exception of the iTRAQ strategy where 4 or even 8 samples may be analyzed simultaneously in the near future. 8, 9 Moreover, proteome profiling using chemical tagging requires careful and complete derivatization of all the proteins or peptides in the samples in order to minimize false positive differential expressions introduced during experimental handling.
Alternative approaches such as label-free strategies in combination with LC-MS or LC-MS/MS are being tested and appear promising for generating large data sets. These are potentially suitable for data cross comparisons necessary for time series experiments. 10, 11 Nevertheless, these label-free strategies are still time-consuming, labor-intensive, and require replicate analysis for each sample. Additionally, the label-free approach requires standardization both at the instrumental level (e.g., reproducible LC separations and accurate mass spectrometer instruments) and at the data processing level (e.g., bioinformatics and statistical analysis).
While variations due to experimental handling still remain an issue when using chemical tagging in an ex-vivo system (e.g., tissue and body fluids), these variations have been greatly minimized in a cell culture system through the use of metabolic labeling such as stable isotope labeling by amino acid in cell culture (SILAC).
12-14 SILAC consists of growing one set of cells in a medium where some of the amino acids, usually arginine (Arg) and/or lysine (Lys), are replaced with stable isotopelabeled ones, while the comparative sample is grown in unlabeled medium. Metabolic labeling by stable isotopes is the most systemic way to uniformly label all cellular proteins within the cell. In this method, variability due to sample preparation is circumvented as experimental pairs of labeled and unlabeled cells can be mixed before protein extraction and even before subcellular fractionation. Additionally, SILAC can allow accurate temporal proteome profiling 15 and monitoring of protein phosphorylation to study signaling pathways. [16] [17] [18] [19] [20] In this study, we implemented the SILAC strategy in combination with SDS-PAGE and LC-MS/MS to monitor temporal changes in the expression and dynamics of proteins within the endoplasmic reticulum (ER) compartment of human primary fibroblast cells exposed to ER stress inducers tunicamycin (Tun) and thapsigargin (Thp). To demonstrate the feasibility of temporal profiling using this method, we have chosen a model system using Tun and Thp, as these ER stress agents have been documented to induce temporal changes in a number of ER resident proteins within minutes to hours. Additionally, we implemented the use of these two ER stress induction agents that are known to act by two completely different mechanisms in order to demonstrate the sensitivity of this comparative proteomic profiling approach and identify novel proteomic differences between the two ER stress mechanisms. The methodologies applied to this system of normal primary human fibroblasts can be applied to further investigations of time series proteomic profiling utilizing cells obtained from disease patients versus controls.
Methods
Cell Culture. Human primary fibroblast cells of a 5 year old donor were obtained from the laboratory of Dr. Schiffmann (NINDS/NIH). The fibroblast cells were established from explant cultures of punch skin biopsies in accordance with an NIH Institutional Review Board approved protocol. The cells were maintained in Dulbecco's Modified Eagle Medium (DMEM) with GlutaMAX I, low glucose, 110 mg/L sodium pyruvate, pyridoxine HCl (Invitrogen Corporation, Carlsbad, CA) supplemented with 10% fetal bovine serum (Invitrogen Corporation, Carlsbad, CA) and with 100 µg/mL penicillin and 100 µg/mL streptomycin (Invitrogen Corporation, Carlsbad, CA). To study the effect of Tun and/or Thp on the ER proteome, we implemented the SILAC strategy in combination with subcellular fractionation and proteome profiling using LC-MS/MS. Cells were seeded in 75 cm 2 flasks and subcultured in custommade DMEM medium (Atlanta Biologicals, Lawrenceville, GA) where Arg and Lys were replaced by 13 C 6 -Arg (147.5 µg/mL), and 15 N 2 , 13 C 6 -Lys (91.25 µg/mL) (Cambridge Isotope Laboratories, Inc., Andover, MA). Usually, cellular proteins were fully labeled after incubation for at least 7 cell doublings (roughly four passages) in isotopically labeled custom-made DMEM. In parallel, the same amounts of cells were grown in unlabeled DMEM medium. The unlabeled cells were treated with tunicamycin (5 µg/mL) (Tun) or thapsigargin (final concentration 1µm) (Thp), while fully labeled cells were kept untreated. At time points 0, 15 min, 1, 6, 12 and 24 h, treated and nontreated cells were harvested and mixed at 1:1 ratio for subsequent subcellular fractionation.
Preparation of the ER Fraction. Figure 1 shows the overall experimental strategy used in this study. The labeled and unlabeled cell monolayers were washed three times with PBS solution. The cells were then scraped in 2 mL of ice-chilled TE Mix buffer containing 10 mM Tris-HCl, pH 7.4, 1 mM EDTA, 2.5 M sucrose (Sigma Aldrich, St. Louis, MO) and 1 complete mini protease inhibitor cocktail tablet (Roche Pharmaceuticals, Nutley, NJ) per 10 mL. Cells were collected by gentle centrifugation in preweighed polypropylene conical flasks for 5 min at 4000 rpm at 4°C. After removing the supernatant, the cell pellets from unlabeled and labeled cells were mixed at a 1:1 ratio (w/w) and then resuspended in 1 mL of TE buffer mix. The cells were then homogenized by passing them 15 times through a 1 mL syringe with a 23 gauge needle. The suspension was centrifuged for 10 min at 4000g at 4°C and the supernatant containing the microsomal fraction was transferred to a clean Ependorf tube and further centrifuged at 13 000g at 4°C for 20 min to obtain the microsomal pellet. The microsomal pellet was then resuspended in protein extraction buffer containing urea (7 M), thiourea (2 M), CHAPS (2%, w/v) and DTT (50 mM). Protein concentration was determined in each fraction using Bio-Rad protein assay (Bio-Rad, Hercules, CA). Samples were stored at -80°C until analysis.
Protein Separation and Mass Spectrometry Analysis. The ER fractions containing labeled and unlabeled proteins (60 µg of total proteins per sample) were further separated by SDS-PAGE and the gel stained with Bio-Safe Coomassie (Bio-Rad, Hercules, CA). Ge bands were sliced and digested with trypsin, and the resulting peptides were analyzed by LC-MS/MS using a LTQ mass spectrometer (Thermo Fisher Scientific, Waltham, MA) coupled online with a Dionex LC-Packing nano-HPLC system (Sunnyvale, CA). Each sample was injected via an autosampler and loaded onto a C18 trap column (5 µm, 300 µm i.d. × 5 mm, LC Packings) for 6 min at a flow rate of 10 µL/min, 100% A. The sample was subsequently separated by a C18 reverse-phase column (3.5 µm, 100 µm × 15 cm, Agilent, Santa Clara, CA) at a flow rate of 200 nL/min. The mobile phases consisted of water with 0.1% formic acid (A) and 90% acetonitrile with 0.1% formic acid (B). A 100 min linear gradient from 5 to 60% B was typically employed. Eluted peptides were introduced into the mass spectrometer via a 10 µm silica tip (New Objective, Inc., Ringoes, NJ) adapted to a nanoelectrospray source (Thermo Fisher Scientific). The spray voltage was set at 1.7 kV and the heated capillary at 160°C. The LTQ was operated in data-dependent mode in which one cycle of experiments consisted of one full-MS survey and subsequently three sequential pairs of intercalated zoom scans and MS/MS experiments. The targeted ion counts in the ion trap during full-MS, zoom scan, and MS/MS were 30 000, 3000, and 10 000, respectively. Peptides were fragmented in the linear ion trap using collision-induced dissociation with the collision gas (helium) pressure set at 1.3 mTorr and the normalized collision energy value set at 35%. The zoom scan events were of higher resolution and were used to determine the charge state of the ion as well as the ratio of labeled to unlabeled peptide pairs using the ZoomQuant software developed by Halligan, et al.
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Database Search. Protein identification was performed using BioWorks 3.1 software (Thermo Fisher Scientific). Each file was searched against a subset of the Swiss-Prot database containing human proteins only (UniProtKB/Swiss-Prot release 51.0, download November 6, 2006 with 14 987 human protein entries) and indexed with assumptions for fully enzymatic tryptic cleavage with two missed cleavages using the Sequest search engine set with the following criteria: signal threshold g1000, peptide mass tolerance (1.5 Da, fragment ion mass tolerance (0.35 Da and possible 16 Da shift for oxidized Met residue, 6 and 8 Da shifts for stable isotope labeled Arg and Lys, respectively. Full Sequest search results, prior to filtration, were loaded into ZoomQuant Software. 22 XCorr filters of 2.5 for doubly charged and 3.5 for triply charged were applied. Singly charged peptides were omitted. Each peptide was manually validated by examining zoom scans to verify the labeled and unlabeled pairs. Identified peptides were required to have a matched peptide partner 6 Da greater for arginine terminating peptides, 8 Da greater for lysine containing peptides and other proper combinations for missed cleavage peptides. The combination of using the smaller, less redundant human only database combined with manual data analysis eliminated redundancy. Initial analysis of the ER fraction was performed by searching the same database using Bioworks 3.2 and filtering peptide identifications with the following acceptance criteria: DeltaCn (∆Cn) > 0.1, a variable threshold of Xcorr versus charge state (Xcorr ) 1.9 for z ) 1, Xcorr ) 2.5 for z ) 2, and Xcorr ) 3.5 for z ) 3), peptide probability based score with a p value < 0.001 and two or more unique peptides in at least one data set. Reverse database search using the same criteria gave false-positive rate of less than 2.6%, thus, increasing protein identification confidence (False Positive Rate ) 2 × [Reverse Database Protein Hits/(Reverse + Forward Database Protein Hits)] × 100.
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Statistical Analysis. ZoomQuant software 22 was used to determine protein ratios between 13 C 6 -Arg/ 5 N 2 , 13 C 6 -Lys labeled and unlabeled cells by using the peak areas of labeled and unlabeled peptide pairs from zoom scan data. The data was analyzed using GeneSpring GX Analysis Platform (Agilent technologies, Inc., Santa Clara, CA). Peptide ratios were normalized to the median expression in each time point and treatment group. An average ratio with standard deviation was determined using the multiple peptides detected per protein.
Only proteins with two or more identified peptides in at least one data set were retained for analysis. A two-sided p-value or z-score was generated for each data point to determine how closely the ratios of several peptides belonging to the same protein were close to each other. Proteins with at z-score < 0.005 were retained for further analysis. Fold changes of specific proteins were compared at the different time points between Thp-and Tun-treated cells.
Results

Characterization of Proteome Profiles in ER Fractions
Prepared from Human Fibroblast Cells. At different time points, Thp-or Tun-treated cells were mixed at 1:1 ratio with nontreated cells and processed for subcellular fractionation, protein separation and mass spectrometry analysis (Figure 1 ). Briefly, a total of 12 ER fraction pairs corresponding to time 0, 15 min, 1, 6, 12, and 24 h following treatment with Tun or Thp were prepared and processed for SDS-PAGE. Each SDS-PAGE lane was excised into 14 bands resulting in a total of 84 gel To monitor the temporal effect of Tun or Thp on the ER proteome, labeled control cells were mixed at 1:1 ratio with Tun-or Thptreated cells then processed for subcellular fractionation. Proteins were extracted from the ER fraction and further separated by SDS-PAGE. Thereafter, LC-MS/MS analysis was conducted on peptides generated by trypsin in-gel digestion of gel slices from SDS-PAGE. Protein ratios are determined from the peak areas of labeled and unlabeled peptide pairs.
bands per stress agent (168 gels bands combined) to be analyzed by LC-MS/MS.
We applied stringent filtrations and manual validation both at the protein identification level and the quantitation level to process our data ( Figure 2 ). The proteome coverage in the ER fractions prepared from primary fibroblast cells was initially examined through a protein database search using the Sequest search engine against the Swiss-Prot human fasta database. Using stringent filtration (∆Cn g 0.1; Xcorr g 1.9, 2.5, and 3.5 for singly, doubly, and triply charged ions, respectively; peptide probability < 0.001; and retaining only proteins that were represented by two or more unique peptides in at least one data set), we confidently identified 596 proteins in the ER fraction from 3 combined pairwise comparisons (control versus control, Thp-treated versus control and Tun-treated versus control). Thereafter, these 596 proteins were classified based on their known subcellular localization and function using gene ontology (GO) information obtained from cross-referencing each protein's Swiss-Prot accession number to the GO localization information available on the NCBI protein database (http://www.ncbi.nlm.nih.gov/sites/entrez?db)Protein). Approximately 62% of the identified proteins were found to be of Figure 2 . Chart depicting the processing and filtration steps used to process the LC-MS/MS data.
Step 1: Raw LC-MS/MS data was searched against Swiss-Prot human database using Bioworks 3.1 with the indicated parameters.
Step 2: Unfiltered identified peptides along with their zoom scans were uploaded into ZoomQuant, filtered based on XCorr and subjected to manual validation.
Step 3: Peak area ratio calculations between labeled and unlabeled peptides were calculated using ZoomQuant.
Step 4: The peptide list and quantitative ratios (treated/control) were uploaded to GeneSpring.
Step 5: To adjust for errors when mixing labeled and unlabeled cells at 1:1 ratios, each data set was normalized to its median. Only proteins that were detected across different time points were retained for further analysis.
Step 6: Performed paired comparison of time points 6, 12 and 24 h to time zero. Z-scores were calculated for each data point. Only average ratios with low standard deviation (z-score < 0.005) were retained. research articles
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ER origin (Figure 3) indicating that the ER fraction was effectively enriched. The identification of a large number of extracellular proteins, membrane proteins, ribosomal proteins and lysosomal proteins was expected since these proteins can be directly associated with the ER compartment. However, only 118 proteins among the 596 identified proteins were shared across the 3 different experiments (Supplemental Table 1 ). This poor overlap of 19.7% can be explained by the fact that the ER fractionation was not highly reproducible from one sample pair to the next, and this may have resulted in random organelle cross contamination during these multiple subcellular fractionations and also possibly due to poor reproducibility between LC-MS/MS runs. The use of SILAC strategy with sample mixing prior to subcellular fractionation alleviates the concern of poor percentage of protein overlap due to experimental handling. Furthermore, in the event of cross contamination during subcellular fractionation, the contaminant proteins are present equally in both samples. The differential distribution of protein abundances between sample pairs are therefore attributed to inherent variations in the experimental samples and conditions. Figure 4 displays the distribution profiles of labeled and unlabeled peptide pair ratios obtained from ER fractions prepared from 3 different paired samples after 24 h of stress induction. In the control sample (nontreated cells versus nontreated cells) ( Figure 4A ), the overall distribution of peptide ratios fits a normal Gaussian shape with values centered around 1 and standard deviation of (0.12. The distribution of peptide ratios in Tun -treated ( Figure 4B ) or Thptreated ( Figure 4C ) cells versus nontreated cells showed a broader Gaussian shape indicating large variations between treated and nontreated cells with average standard deviations of (0.25 and 0.45, respectively. Narrower distribution was also observed on ER fractions prepared from three independent replicates of control versus control cells (data not shown) indicating the robustness and the accuracy of the technique.
Monitoring Changes in the ER Proteome of Tun-and Thp-Treated Cells versus Nontreated Cells. Each of the ER fraction pairs of treated and nontreated cells corresponding to time 0, 15 min, 1, 6, 12, and 24 h following treatment with Tun or Thp were prepared and processed for LC-MS/MS analysis as described above (Figure 1 ). Proteins were identified as described above and protein ratios of Thp-or Tun-treated cells versus nontreated cells were determined from zoom scans of labeled and unlabeled peptide pairs using peak area and ZoomQuant software 22, 23 ( Figure 2 ).
The list of labeled and unlabeled peptide pairs and corresponding expression ratios was directly uploaded into GeneSpring software. The software, developed for microarray data analysis, readily adapted to this protein data set as it is engineered to recognize the accession number of a protein as it would a gene identifier. Additionally, the GeneSpring software calculates the number of peptides per protein as it would an array probe set count. Unlike with mircroarray expression profiling experiments in which time series data are often Figure 5 ). Since there was no significant differential protein expression at time point 15 min and 1 h, these data sets were removed from further analysis.
The protein lists submitted into Genespring were further focused to only include proteins overlapping different time points (0, 6, 12 and 24 h) and different conditions (Thp and Tun). Nonoverlapping proteins, mostly originating from organelle cross contaminations during ER fractionation or irreproducible MS runs, were excluded. In this particular visualization, shown in Figure 5 , the time series data set can be easily queried for both Tun and Thp experiments. Each interactive curve is clickable and will display the protein name with ratio and z-scores across the different time points (see inset for temporal change in the abundance of GRP78 protein in both Tun and Thp treated cells). Data can be also filtered based on fold changes, z-scores and select significant changes.
As shown in Figure 6 , both Thp and Tun resulted in a significant temporal increase of the ER chaperone proteins and proteins involved in glycosylation and maturation of proteins transiting the ER. The most significant temporal changes were observed for the 78 kDa glucose-regulated protein (GRP78), also known as BiP, followed by protein disulfide-isomerase A4 (PDIA4), endoplasmin (ENPL), also known as GRP94, and calreticulin (CLAR). Glucosidase 2 subunit beta (GLU2B) was slightly more increased in Tun-treated cells than in Thp -treated cells. An additional common change exerted by Tun and Thp treatment is the significant temporal decrease in collagen isoforms (CO1A1, CO1A2 and CO6A1). While CO1A1 and CO1A2 isoforms began decreasing after 6 h of treatment with Thp or Tun, there was a slight delay in the decrease of CO6A1 isoform. Interestingly, reticulocalbin-3 (RCN-3) was significantly decreased following Thp treatment but did not change with Tun treatment even after 24 h treatment. Figure 7 summarizes all the proteins that were significantly altered in their expression after 24 h treatment with Thp or Tun. This histogram plot easily points out similarities and dissimilarities between the two ER stress inducer agents. Both Thp and Tun treatment resulted in an increase of ER chaperone proteins (GRP78, calreticulin CALR, endoplasmin ENPL, heat shock proteins and protein disulfide-isomerases, PDIA1, PDIA3, PDIA4, PDIA6), and glucosidases (GLU2B and GNAB), while proteins destined for secretion such as collagens (CO1A1, CO1A2, CO6A1, CO6A3) were decreased. Reticulocalbins RCN1 and RCN3 as well as calumenin (CALU) were significantly decreased after Thp treatment and remained unchanged after Tun treatment.
Discussion
SILAC strategy in combination with SDS-PAGE and LC-MS/ MS has been implemented to generate a panel of differentially regulated proteins in the ER fraction of Tun-and Thp-treated human primary fibroblast cells. We demonstrate that a combination of these proteomic tools generates sensitive and accurate temporal proteomic profiling data. Moreover, we emphasize that the proteomic data interpretation can be standardized based on gene expression profile analysis techniques.
Current advances in proteomic profiling are hindered by a lack in complete reproducibility between LC-MS/MS experiments across several comparative samples. There is often a Figure 5 . Time series data as visualized in GeneSpring Software. The 118 proteins found in common between Tun and Thp over 0, 12, and 24 h of stress were visualized in GeneSpring. Protein expression patterns can easily be visualized to distinguish proteins behaving similarly or differently under the two stress mechanisms. The inset shows a magnified view of the temporal change in the abundance of GRP78 protein in both Tun-and Thp-treated cells.
poor overlap in the proteins identified between replicate samples and even between replicate LC-MS run for a same sample. This is especially the case with low-abundance proteins. An additional impediment in comparative time series experiments is the generation of a large body of data and a lag in bioinformatic support for adequate data processing. We implemented proven gene expression analysis software to maximize the visualization of proteins shared between comparative samples. The GeneSpring software, designed to process and visualize microarray data, was used in this study to visualize the time series proteome profiling data and cross compare the temporal effects of Tun and Thp.
In our ER proteomic profile investigation, we demonstrate that both Tun and Thp exerted similar overall effects on the ER proteome profile. Tun induces ER stress by inhibiting N-glycosylation of newly synthesized proteins, 24, 25 where as Thp induces ER stress via Ca 2+ discharge. 26, 27 Two overwhelming trends were observed with both agents, namely, an increase in expression over time of ER chaperone proteins (GRP78, CALR, and PDIs) and the concomitant decrease in the expression of proteins destined for secretion (e.g., collagen isoforms). This orchestrated response is classically characterized by the unfolded protein response (UPR) and is triggered when a cell senses an ER overload. [28] [29] [30] [31] UPR is initiated by ER transmembrane proteins (PERK, IRE1 and ATF6), which are activated by sensing the protein-folding status in the ER lumen. The activated PERK phosphorylates eIF2 alpha, which in turn inhibits eIF2B and synthesis of new proteins, while ATF6 and IRE1 induce transcription of specific ER chaperones and ER enzymes necessary to alleviate ER overload and ensure proper disposal of misfolded proteins. The marked temporal decrease observed for collagen isoforms could be explained by the fact that these proteins are the most ER trafficked proteins in fibroblast cells. Thus, the immediate decrease in the synthesis of this class of proteins will alleviate ER overload. The end result of the UPR can be either cell survival if the cell recovers from the stress or initiation of apoptosis (see review by Volchuk, et al. for more details). 29 Although Thp causes a decrease of Ca 2+ concentrations within the ER lumen, it was intriguing to identify a marked increase of Ca 2+ binding chaperon proteins GRP78 and CLAR. This phenomenon has been previously reported and is believed to involve the control of Ca 2+ homeostasis within the ER lumen and is necessary to maintain the proper function of ER chaperone proteins. 32 Nevertheless, Thp, unlike Tun, caused a significant decrease of another class of Ca 2+ binding protein (RCN and CALU) belonging to the CREC family (which is an acronym for Cab45), reticulocalbin, ERC-45 and calumenin. 33 To our knowledge, this is the first identification of another class of ER proteins that was selectively affected by Thp treatment. RCN first characterized by Ozawa, et al. 34 has been classified as a member of the CREC family. 35 CREC members are lowaffinity Ca 2+ binding proteins with six EF-hand motifs and are strictly localized into the ER lumen and secretory pathway. 35 Although the function of these proteins is not well-known, it has been suggested that RCN may play an important role in normal cell behavior and cell life. In fact, homozygous deletion of the RCN gene results in embryonic lethality in mice. 36 More recent studies have suggested that overexpression of RCN may play a role in tumor progression, invasiveness and resistance to chemotherapy. 37 In this investigation, RCN-3 was the most affected protein, with a 7-fold down-regulation after 24 h treatment with Thp. Conversely, RCN-1, which shares 58% sequence homology with RCN-3 (Supplemental Figure 1) , was only down-regulated by a factor of 1.65 ( 0.12. This selective decrease in RCN-3 suggests a specialized function of this protein in Thp-induced ER stress response. Furthermore, it has been demonstrated that RCN-3, but not RCN-1, interacts with and regulates the secretion of a serine endoprotease PACE4. 38 Whether this interaction is specific to PACE4 or is more general to other secreted proteins remains to be further examined. Tun, which induces ER stress by blocking N-glycosylation, did not alter the expression of these RCN proteins, suggesting that the specific down-regulation of these proteins by Thp is most likely due to the decrease of Ca 2+ in the ER lumen. However, further studies are still needed to verify this hypothesis and bring insight into the relationship between Ca 2+ levels in the ER and expression of RCN-3.
Although, this study successfully generated a robust time response protein profiles of the ER stress series to Tun and Thp, it is probable that some important proteins were overlooked due to the continued obstacles faced in current proteomic analysis. Specifically, low-abundance proteins were identified with less fidelity between LC-MS/MS runs, and therefore could not be quantified across the entire time points. Additionally, although this investigation followed a large number of proteins over a sizable time series, further refined analysis and bioinformatic support are needed to conduct a more comprehensive high-throughput time series proteome profile. The development of new instruments that can provide better resolution, accuracy and throughput are likely to overcome some of these obstacles in the near future. This is typically true with the LTQ-orbitrap and triple quadrupole-trap instruments which are gaining popularity in the field of proteomic applications. [39] [40] [41] [42] [43] A recent study using a combination of stable isotope labeling by iTRAQ and multiple reaction monitoring (MRM) clearly demonstrated the power of a triple quadrupole instrument to monitor the temporal phosphoryaltion of 222 tyrosine phosphorylated peptides following EGF signaling. 42 Nevertheless, a priori knowledge of the peptide selected for monitoring is still required in this case.
Conclusion
Comparative time series proteomic profiling was conducted using SILAC strategy, SDS-PAGE, and LC-MS/MS to generate a panel of differentially regulated proteins specific to Tun-and Thp-modulated ER stress response. This method allowed the identification of specific ER stress expression changes as well as changes unique to Tun and Thp response. We found the use of SDS-PAGE followed by consistent band excision and ingel digestion provided stable and reproducible protein coverage over different time points and between different stress agents. Although the use of SILAC decreases protein variation due to mixing prior to experimental processing, variation in the number of proteins identified between LC-MS/MS runs within the same sample continues to be a hindrance. Reproducibility between LC-MS/MS experiments across several comparative samples is especially decreased for low-abundance proteins. An additional impediment in comparative time series experiments is the generation of a large body of data and a lag in bioinformatic support for parallel high-throughput data processing. These drawbacks strongly point toward a need for an automated platform to establish a true high-throughput proteome profiling. Nevertheless, the methods utilized in this study enabled the identification of both temporal changes of a robust set of proteins and attribute differential expression to different stress agents.
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